10/551945 

- 1 - JCOSRsCdPCITPTO 0 5 OCT 2005* 

Buffer device for a welding wire and welding plant 

The invention relates to a buffer device for a welding wire, 
wherein a wire buffer, in particular a wire buffer storage, is 
arranged between a wire feeder provided on the welding apparat- 
us, or an external wire feeding means, and a further wire feeder 
preferably arranged in the region of a welding torch, or within 
the welding torch, and the welding wire is conducted between the 
two wire feeders within a wire core. 

The invention further relates to a welding plant including a 
welding apparatus, a hose package and a welding torch, wherein 
the hose package connects the welding torch with the welding ap- 
paratus, as well as a device designed as a wire buffer storage 
and arranged between two wire feeders. 

Most recent welding techniques, in which the welding wire is 
no longer conveyed only at constant speed in one direction but 
forward and backward movements or different conveying speeds are 
applied at the ignition and/or during the welding process, great 
emphasis \s placed on wire conveyance. On account of different 
wire speed^ and/or conveying directions of the welding wire, 
current wire conveying systems involve the problem of the weld- 
ing wire conveyance response behavior being very sluggish, thus 
preventing the achievement of optimum welding results. The weld- 
ing wire must, for instance, be pushed back over the entire hose 
package at a reversal of the running direction, i.e., from a 
forward movement to a backward movement, whereby a highly slug- 
gish response behavior is, however, generated due to the slack 
of the welding wire and wire advance. 

With such welding wire conveyances applying different wire 
speeds and/or different conveying directions, wire buffers or 
wire puffer storages are used to collect surplus welding wire, 
since in most cases only one of usually two wire feeders carries 
out a reversal of direction. 

From DE 197 38 785 C2, for instance, a device for electric- 
arc welding using a consumable electrode is known, in which the 
welding wire is supplied from a feed drum to the welding site 
via two wire feeders. In that context, a short-circuit welding 
process is described, in which the welding wire conveyance prior 
to the completion of the droplet formation carries out a 
droplet-transfer-supporting movement, which means that the weld- 
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ing wire is pulled back by the wire feeder at the occurrence of 
a short-circuit and subsequently is again moved forwards after 
having reached a predetermined distance^ the welding wire being 
transported in a wire buffer. However, the configuration of the 
wire buffer cannot be taken from that document. 

From DE 38 27 508 Al, a transport device is known, by which 
the welding wire is conveyed with a constant force even at unfa- 
vorable force introductions, while avoiding tensile and com- 
pressive stresses. The welding wire is conducted through an 
evading part and a curved hose between a pusher drive arranged 
within the welding apparatus or a wire feeder, and a tractive 
drive preferably arranged in the region of the welding torch or 
within the welding torch itself. The hose strain is supported by 
a spring. The evadable part is coupled to a control organ meas- 
uring the evasion path of the evading part at the occurrence of 
compressive or tensile stresses on the welding wire, and a con- 
trol system for compensation via a speed regulation of the first 
drive. In that solution, the welding wire is unwound from the 
feed drum via the first drive and introduced into a hose or hol- 
low wire core. The hollow wire core subsequently is arranged to 
lay bare, forming the wire buffer storage in the form of a loop 
in that bare region with the loop being able to deform in that 
bare region, which means that the loop is enlarged or reduced, 
thus enabling more or less welding wire to be taken up. After 
this, the hose or hollow wire core is introduced into the hose 
package, extending as far as to the further, tractive drive, 
which is preferably arranged in the region of the welding torch 
or within the welding torch itself. 

Another wire puffer configuration is known from DE 43 20 405 
C2, which describes a device for the slip-free conveyance of a 
welding wire. There, a wire buffer storage or wire buffer is 
again formed between two wire feeders, at which the welding wire 
forms a complete wire loop before being introduced into the hose 
package. The wire buffer storage is, thus, formed by a loop 
between two spaced-apart plates whose mutual distance is larger 
than the diameter of the welding wire. A sensor detecting the 
diameter of the loop of the welding wire is arranged to monitor 
the amount of welding wire present in the wire buffer. 

A wire buffer storage of another kind, by which a deflection 
of the welding wire is realized via deflection pulleys, is known 
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from DE 101 00 164 Al . There, the wire buffer storage is ar- 
ranged between the feed drum and a wire feeder, wherein the 
welding wire, following the wire feeder, is again introduced 
into a hollow wire core extending within a hose package as far 
as to a further wire feeder, or the welding torch. 

The above-described systems involve the disadvantage of re- 
quiring huge space for that kind of wire buffer or wire bffer 
storage, thus enabling its efficient application only in the re- 
gion of the welding apparatus or wire feeder, or as a separate 
device. It is, thus, necessary to convey the welding wire from 
the wire buffer over the entire hose package to the welding 
torch, thus causing large friction losses and hardly improving 
the wire conveyance response behavior. Such friction losses and 
the great sluggishness of the wire conveyance occur because with 
known wire conveying means the welding wire runs in a hollow 
wire core which is inserted in a guide tube, preferably in the 
hose package, with the inner diameter of the guide tube being 
only negligibly larger than an outer diameter of the wire core. 
The precise guidance of the wire core is thereby ensured, yet it 
is necessary for the welding wire, for instance at a reversal of 
the direction of conveyance, to be pushed back into the wire 
buffer storage over the entire length of the wire core, i.e., 
the hose package. 

The present invention is, therefore, based on the object to 
provide a buffer device for a welding wire, which is constructed 
in a very simple and compact manner. Another object resides in 
making the wire electrode available in a force-free manner to a 
wire feeder arranged substantially in the region of the welding 
torch. A further object of the present invention also consists 
in improving the dynamic behavior of the wire conveyance. 

Another object of the invention consists in providing a 
welding plant of the described kind, which comprises as simple 
and compact a structure as possible and by which the dynamic be- 
havior of the conveyance of the welding wire is enhanced. 

The objects of the invention are achieved in that the wire 
buffer storage is designed in a manner that the wire core is 
fastened or fixed on one end, with its other end being freely 
movable, and that the wire core together with the welding wire, 
at least over a partial region, is arranged to be freely movable 
within a wire guide hose having a substantially larger cross 
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section or inner diameter than the cross section or outer dia- 
meter of the wire core, and that the storage volume of the wire 
buffer storage is defined by the cross section and length of the 
substantially larger wire guide hose* 

In an advantageous manner, it is thereby achieved that the 
wire guide hose serves as a wire buffer storage, since the wire 
core is able to move freely, that is to say evade, within the 
substantially larger wire guide hose and, hence, take up the 
surplus welding wire, for instance at a backward conveyance. It 
is, thus, no longer required to push the welding wire back over 
the entire wire core, but that the welding wire and the wire 
core are freely movable in the wire guide hose so as to enable 
surplus welding wire to be taken up for compensation. It is 
thereby ensured that no displacement of the welding wire through 
the wire core in the wire buffer storage need be effected by the 
wire feeder in the region of the welding torch at a backward 
movement of the welding wire, but the wire core is deformed dir- 
ectly in the wire guide hose and surplus wire will, hence, be 
taken up by such deformation, whereas the welding wire in the 
prior art, at first, has to be pushed back through the wire core 
in the hose package, since no or only a minimum evasion of the 
wire core is feasible in the wire guide hose before a deforma- 
tion of the wire core may take place in the bare region of the 
wire core and surplus welding wire will be taken up. Another 
very essential advantage resides in that the wire buffer storage 
is now arranged directly in the region of the further wire feed- 
er, or welding torch, i.e., behind the wire feeder, or welding 
torch, so that the welding wire need no longer be pushed back 
over the hose package. The response behavior during a change of 
the conveying direction of the welding wire is thereby substan- 
tially improved, enabling a very rapid reversal of direction. 
Friction losses are also strongly minimized, since the wire core 
with the welding wire is able to move within the wire buffer 
storage and no movement, particularly backward movement, will 
occur any longer in the wire core during the backward conveyance 
of the welding wire. Another advantage also resides in that, due 
to the wire buffer storage being formed directly behind the 
welding torch, the wire feeder and the drive motor can be dimen- 
sioned very small, since the latter need not overcome any fric- 
tional forces during the wire transport and a very small and 
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light drive motor can, thus, be used, thus minimizing the struc- 
tural sizes of the welding torch and the driving element at the 
welding torch. The accessibility in automatic welding plants is, 
thus, substantially enhanced. 

A configuration according to claims 2 and 3 is, however, 
also advantageous, because this will enable an evasion of the 
wire core in the enlarged wire guide hose. It is, thus, advant- 
ageously ensured that the wire buffer is realized in a simple 
manner over the length of the enlarged wire guide hose, thus 
providing a very large wire buffer storage having small spatial 
dimensions . 

The configuration according to claims 4 to 6 is advantageous 
too, because it enables the subsequent installation of a wire 
buffer storage of this type in existing plants by simply exchan- 
ging the hose package. No conversions or additional appliances 
forming the wire buffer storage need, thus, be realized in ex- 
isting plants, as is the case in prior art facilities. 

The configuration according to claims 7 to 9 in an advant- 
ageous manner enables a wire conveyance independent of the hose 
package, wherein the wire buffer storage is again formed by the 
wire guide hose. 

Another advantage of the configurations according to claims 
5 and 9 resides in that, due to the special arrangement, i.e. 
helix-shaped or spiral arrangement, of the wire guide hose, the 
length of the wire guide hose is enlarged in a manner that the 
wire buffer contents, i.e., the storage volume for the reception 
of surplus welding wire will be substantially enlarged. 

The configuration according to claim 10 is advantageous too, 
because it readily enables the evaluation of the filling level 
of the wire buffer, or amount of welding wire stored in the wire 
buffer . 

A configuration according to one or several of claims 11 to 
14 is also of advantage, since it enables a very rapid exchange 
of the wire guide hose, thus keeping the downtime of the plant, 
during which no welding is feasible, very short. 

The object of the invention is further achieved by a welding 
plant of the defined kind, in which the device designed as a 
wire buffer storage is formed in or around the hose package. In 
this respect, it is advantageous that very high dynamics during 
the conveyance of the welding wire at different wire transport 
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speeds or at a forward/backward movement will be achieved during 
a welding process. 

The present invention will be explained in more detail by 
way of the attached drawings describing exemplary embodiments of 
the wire buffer storage. 

Therein: 

Fig. 1 is a schematic illustration of a welding machine or 
welding apparatus; 

Fig. 2 is a schematic illustration of a hose package as is 
used in the prior art; 

Fig. 3 is a schematic illustration of a novel hose package 
including a helix-shaped wire guide hose; 

Fig. 4 shows a hose package with an externally arranged 
helix-shaped wire guide hose; 

Fig. 5 is a schematic illustration of the storage principle 
of a wire buffer storage with a minimum storage volume; 

Fig. 6 is a further schematic illustration of the storage 
principle according to Fig. 5 with a maximum storage volume; 

Figs. 7 to 11 schematically illustrate differently con- 
figured welding plants; 

Fig. 12 shows another variant embodiment for the formation 
of a wire buffer storage; 

Fig. 13 is a diagrammatic view of a sensor for the detection 
of the wire core movement; 

Fig. 14 depicts another exemplary embodiment of the sensor 
for the detection of the wire core movement; 

Fig. 15 is a diagrammatic view of the wire buffer storage 
including a plug-in connection; and 

Fig. 16 is a schematic illustration of the plug-in connec- 
tion. 

Fig. 1 depicts a welding apparatus 1 or welding plant for 
various welding processes or methods such as, e.g., MIG/ MAG 
welding or WIG/TIG welding, or electrode welding methods, 
double-wire/tandem welding methods, plasma or soldering methods 
etc . 

The welding apparatus 1 comprises a power source 2 including 
a power element 3, a control device 4, and a switch member 5 as- 
sociated with the power element 3 and the control device 4, re- 
spectively. The switch member 5 and the control device 4 are 
connected to a control valve 6 arranged in a feed line 7 for a 
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gas 8 and, in particular, a protective gas such as, for in- 
stance, carbon dioxide, helium or argon and the like, between a 
gas reservoir 9 and a welding torch 10, or torch. 

In addition, a wire feeder 11, which is usually employed in 
MIG/MAG welding, can also be activated by the control device 4, 
an additional material or welding wire 13 being fed from a feed 
drum 14, or wire roll, into the region of the welding torch 10 
via a feed line 12. It is, of course, possible to integrate the 
wire feeder 11 in the welding apparatus 1 and, in particular, 
its basic housing as is known from the prior art, rather than 
designing the same as an accessory device as illustrated in Fig. 
1. 

It is also feasible for the wire feeder 11 to supply the 
welding wire 13, or additional material, outside the welding 
torch 10 to the process site, to which end a non-consumable 
electrode is preferably arranged within the welding torch 10, as 
is usually the case with WIG/TIG welding. 

The power for building up an electric arc 15, particularly 
an electric arc for welding, between the consumable electrode 
and a workpiece 16 is supplied from the power element 3 of the 
power source 2 to the welding torch 10 and, in particular, elec- 
trode via a welding line 17, wherein the workpiece 16 to be wel- 
ded, which is formed of several parts, is likewise connected 
with the welding apparatus 1 and, in particular, the power 
source 2 via a further welding line 18, thus enabling a power 
circuit for a process to build up over the electric arc 15 or 
plasma jet formed. 

To provide cooling of the welding torch 10, the welding 
torch 10 may be connected with a fluid reservoir 21 and, in par- 
ticular, a water reservoir 21 by a cooling circuit 19 via an in- 
terposed flow control 20, whereby the cooling circuit 19 and, in 
particular, a fluid pump used for the fluid contained in the wa- 
ter reservoir 21, is started as the welding torch 10 is put into 
operation, so as to effect cooling of the welding torch 10. 

The welding apparatus 1 further comprises an input and/or 
output device 22, via which the different welding parameters, 
operating modes or welding programs of the welding apparatus 1 
can be set and called, respectively. In doing so, the welding 
parameters, operating modes or welding programs set by the input 
and/or output device 22 are transmitted to the control device 4, 
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which, in turn, will subsequently activate the individual com- 
ponents of the welding plant or welding apparatus 1, and pre- 
define the respectively desired control values. 

Furthermore, the welding torch 10 in the exemplary embodi- 
ment illustrated is connected with the welding apparatus 1 or 
welding plant via a hose package 23. The hose package 23 accom- 
modates the individual lines from the welding apparatus 1 to the 
welding torch 10. The hose package 23 is connected with the 
welding torch 10 via a coupling device 24, whereas the individu- 
al lines arranged within the hose package 23 are connected with 
the individual contacts of the welding apparatus 1 via connec- 
tion sockets or plug-in connections. In order to ensure an ap- 
propriate strain relief of the hose package 23, the hose package 
23 is connected with a housing 26 and, in particular, the basic 
housing of the welding apparatus 1 via a strain relief means 25. 
It is, of course, possible to use the coupling device 24 also 
for the connection to the welding apparatus 1. 

Basically, it is to be noted that not all of the afore- 
mentioned components need be used or employed in the various 
welding methods or welding apparatus 1, such as, e.g., WIG 
devices or MIG/MAG apparatus or plasma devices. It is, for in- 
stance, feasible to design the welding torch 10 as an air-cooled 
welding torch 10. 

Fig. 2 schematically illustrates a partial section of a pri- 
or art hose package 23. There, the lines required for a welding 
process, for instance a power line or electrode cable 17a, cool- 
ing ducts 28 for a liquid-cooled welding torch 10 and one or 
several control lines 29 are arranged in a protective jacket 27. 

The welding wire 13 required for the welding process is 
transported from the welding apparatus 1, or a wire feeder 11, 
via the hose package 23 by being introduced into a wire core 30. 
Prior to the threading in of the welding wire 13, the wire core 
30 is inserted into a wire guide hose 31 arranged within the 
hose package 23. The wire guide hose 31 has an inner diameter 32 
which is only insignificantly larger than the outer diameter 33 
of the wire core 30. This offers the advantage of the wire core 
30 being precisely guided and readily exchangeable for different 
welding wire diameters. This is necessary, because in a welding 
plant different welding wires 13 having different diameters 34 
are used, whereby the simple exchange of the wire core 30 
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renders feasible the use of any desired welding wire 13 with its 
respectively matching wire core 30, thus enabling the optimum 
adaptation of the wire core 30 to the diameter 34 of the welding 
wire 13. In doing so, the outer diameter 33 of the wire core 30 
for the most different diameters 34 of the welding wires 13 re- 
mains approximately the same so as to ensure a guidance of the 
welding wire of the wire core 30 as largely play-free as pos- 
sible . 

Figs. 3 to 12 depict exemplary embodiments for the formation 
of a buffer device for a welding wire 13, i.e., a wire buffer or 
wire buffer storage 35, the solution according to the invention, 
however, being not limited to the exemplary embodiments illus- 
trated. 

What is essential to the solution according to the invention 
is that the wire buffer storage 35 is arranged between a wire 
feeder 36 provided on the welding apparatus 1, or an external 
wire feeding means 11^ and a further wire feeder 37 preferably 
positioned in the region of the welding torch 10, or within the 
welding torch 10 itself, the welding wire 13 being preferably 
conducted in the wire core 30 between the two wire feeders 36, 
37. The wire buffer storage 35 is designed in a manner that the 
wire core 30 with the welding wire 13 is arranged, at least over 
a partial region, within a wire guide hose 38 having a substan- 
tially larger cross section 39 or inner diameter than a cross 
section or outer diameter 33 of the wire core 30, the storage 
volume of the wire buffer storage 35 being defined by the cross 
section 39 and the length of the substantially larger wire guide 
hose 38 - 

According to the prior art as represented in Fig. 2, the 
wire guide hose 31 is designed to be only negligibly larger than 
the outer diameter 33 of the wire core 30. By contrast, the in- 
ner diameter or cross section 39 of the wire guide hose 38 in 
the solution according to the invention, for instance according 
to Fig. 3, is larger, preferably at least 1.5 times larger, than 
the outer diameter 33 or cross section of the wire core 30. The 
wire core 30 is arranged to be freely movable within the wire 
guide hose 38. In addition, the wire guide hose 38 may extend 
within the hose package 23 in a helix-shaped or spiral-shaped 
manner, while the prior art wire guide hose 31 according to Fig. 
2 extends substantially linearly through the hose package 23. It 
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goes without saying that it is also feasible to arrange the sub- 
stantially larger wire guide hose 38 likewise linearly in the 
hose package 23. The advantage of the helix-shaped or spiral- 
shaped extension of the wire guide hose 38, however, resides in 
that the wire core 30 is thereby slightly curved to facilitate 
the deformation of the wire core 30, for instance, in the manner 
of a spring. 

It is also possible to arrange the wire guide hose 38 out- 
side the hose package 23, as is schematically illustrated in 
Fig. 4. In that case, the wire guide hose 38 preferably extends 
again in a helix-shaped or spiral-shaped manner around the hose 
package 23. It is, moreover, possible to arrange the wire guide 
hose 38 independently of the hose package 23 so as to extend, 
for instance, helically or spirally about a carrier material or 
any desired line of the welding system, which is likewise ar- 
ranged outside the hose package 23. 

Due to the helix-shaped arrangement of the wire guide hose 
38, it is ensured in an advantageous manner that the length of 
the wire guide hose 38 between the two ends of the hose package 
23 may be extended relative to the other lines arranged within 
the hose package 23, thus providing a buffer volume defined by 
the cross section 39 of the wire guide hose 38, i.e., a buffer 
volume resulting from the difference in the lengths of the hel- 
ical lines on the outer and inner diameters of the wire guide 
hose 38. The other lines usually arranged substantially linearly 
within the hose package 23 are preferably located within the 
helically or spirally extending wire guide hose 38. It is, of 
course, also possible that the other lines too extend helically 
within the hose package 23, i.e., that the wire guide hose 38 is 
twisted with the other lines, *as one might say. 

The functional principle of the buffer device according to 
the invention, i.e. of the wire buffer storage 35, is illus- 
trated in Figs. 5 and 6. There, the wire buffer storage 35 ex- 
tends between two wire feeders 36, 37. The wire core 30 is 
fastened or fixed on one end, preferably in the region of the 
welding apparatus 1 or external wire feeding means 11, at which 
the welding wire 13 is introduced into the wire core 30 from the 
wire coil, whereas the other end of the wire core 30 is freely 
movable, preferably terminating in the region of the welding 
torch 10. The wire core 30 is, thus, freely movable within the 
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wire guide hose 38. At the same time, the free end of the wire 
core 30 is able to carry out a longitudinal movement as a func- 
tion of the state of curvature of the wire core 30 within the 
wire guide hose 38, i.e., as a function of the storage condi- 
tion. 

The preferably helix-shaped configuration of the wire guide 
hose 38 ensures that also the wire core 30 extends in a helix- 
shaped manner, thus providing defined radii 40 for the welding 
wire 13 and, hence, also for the wire core 30. By changing the 
radii 40, i.e. the position of the wire core 30 within the wire 
guide hose 38, the wire buffer storage 35 is being formed. In 
Fig. 5, the buffer device is schematically illustrated with its 
minimum storage volume, and in Fig. 6 the buffer device is 
schematically illustrated with its maximum storage volume. From 
this, it is apparent that the wire core 30, with the minimum 
storage volume, rests on an inner side 41 of the wire guide hose 
38 while very large radii 40 are formed, whereas the wire core 
30, with the maximum storage volume, comes to lie on an outer 
side 42 of the wire guide hose 38 while smaller radii 40 of the 
wire core 30 are formed. Furthermore, it is apparent that, due 
to the different storage conditions, a movement, particularly 
longitudinal movement, of the wire core 30 is carried out, as is 
indicated by a change in the length 43 of the free end of the 
wire core 30. 

The configuration of a wire buffer storage 35 of this type 
enables the welding wire 13 and, in particular, the surplus 
length of the welding wire 13 to be collected in the wire buffer 
storage 35 by changing the radii 40 of the wire core 30 at dif- 
ferent wire speeds or conveying directions rather than having to 
be pushed back over the entire hose package 13 as is known from 
the prior art. With the solution according to the invention, it 
may, thus, be basically stated that different storage volumes 
will be provided for the welding wire 13 as a function of the 
configuration of the wire guide hose 38, i.e., its length and 
cross section 39, which means that the wire buffer storage 35 is 
able to accommodate less or more surplus welding wire 13. This 
enables an adaptation of the required storage volume to be ef- 
fected by changing the wire guide hose 38 or hose package 23, 
respectively . 

In order to enable the optimum welding wire conveyance to be 
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realized with a wire buffer storage 35 of this kind, means for 
detecting the filling level or storage condition of the wire 
buffer storage 35 are provided, said detection means detecting 
or determining the longitudinal movement of the wire core 30 
and, hence, allowing the filling state of the wire buffer stor- 
age 35 to be concluded therefrom. This may, for instance, be ef- 
fected in a simple manner by coupling the free end of the wire 
core 30 to a potentiometer 45 or incremental sensor via a driver 
arm 44 such that the filling level of the wire buffer storage 35 
can be concluded from the longitudinal change 4 3 of the wire 
core 30 by a control device 4, as is schematically illustrated 
in Figs. 5 and 6. It is, however, also possible to use other 
sensors for detecting the filling level, as will be described 
below by way of Figs. 13 and 14. 

The essential advantage of such a longitudinal design of the 
wire buffer storage 35 resides in that the wire buffer storage 
35 is arranged directly behind the welding torch 10, thus caus- 
ing hardly any additional friction losses during welding wire 
conveyance. Another advantage consists in that the wire buffer 
storage 35 is directly integrated in the hose package 23, or may 
be laid around the hose package 23, thus enabling existing 
plants to be equipped or subsequently provided with such a wire 
buffer storage 35. Nor will the handling for robot application 
be markedly affected by the longitudinal orientation of the buf- 
fer device. 

The other schematically illustrated welding systems accord- 
ing to Figs. 7 to 12 serve to elucidate the application of the 
buffer device, i.e., the wire buffer storage 35, in differently 
structured welding plants. The welding plants are merely repres- 
ented schematically in the form of functional blocks. 

Basically, it should be noted that the wire buffer storage 
35, if provided, may also be inactively employed, i.e., with the 
function of the wire buffer storage 35 out of operation, without 
requiring any measures to be taken by the user. Thus, standard 
welding processes that do not require the storage of surplus 
welding wire 13 may be carried out as well. In such cases, the 
wire core 30, for instance at an exclusive forward conveyance of 
the welding wire 13, will adjust to a minimum or maximum state 
as a function of the control of the wire feeding means 36, 37 so 
as to allow the realization of a usual welding process. 
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Fig. 7 depicts a welding plant which comprises a welding ap- 
paratus 1 in which the feed drum 14 or wire coil and a first 
wire feeder 36 are arranged, a hose package 23 with an integ- 
rated wire buffer storage 35, a further wire feeder 37 and a 
welding torch 10. The wire feeder 36 arranged in the welding ap- 
paratus 1 pulls the welding wire 13 from the feed drum 14, con- 
veying the same via the wire core 30 (not illustrated) to a 
further wire feeder 37, and from there to the welding process 
via the welding torch 10. 

In this case, it is feasible that the first wire feeder 36, 
i.e. that housed within the welding apparatus, is operated as a 
so-called master drive (main drive) and the further wire feeder 
37 serves as a so-called slave drive (auxiliary drive) . The 
slave drive is operated at a slightly higher speed, thus keeping 
the welding wire 13 within the hose package 23 and, hence, with- 
in the wire buffer storage 35 under tensile stress, as is schem- 
atically indicated by a straight line. In this case of 
application, the storage volume of the wire buffer storage 35 is 
in a minimum position almost all the time, cf . Fig. 5, with the 
wire buffer storage 35 being inactive. 

The advantage of such a control resides in the obtainment of 
a very simple control of the two wire feeding means 36, 37 be- 
cause of the master drive being always operated at a constant 
speed. If, for instance, the speed of the slave drive is tempor- 
arily reduced, or slipping of the driving rollers occurs with 
the slave drive, the master drive need not be controlled in any 
manner whatsoever, since the short-term surplus of welding wire 
13 conveyed by the master drive will be taken up by the wire 
buffer storage 35. 

With the application according to Fig. 8, the wire feeder 36 
arranged within the welding apparatus 1 is used as a slave drive 
and the wire feeder 37 arranged in the region of the welding 
torch 10 or directly in the welding torch 10 is used as a master 
drive. The slave drive, i.e., the wire feeder 36 provided in the 
welding apparatus 1, pulls the welding wire 13 from the feed 
drum 14, preferably in a torque-controlled manner. The master 
drive, i.e., the wire feeder 37 arranged in the region of the 
welding torch 10, at the same time works off the wave forming 
within the wire buffer storage 35, in a speed-controlled manner, 
which means that the wire buffer storage 35 is filled to its 
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maximum almost all the time. 

The advantage of such an application resides in that the 
change in the length of the welding wire 13 is compensated by 
the wire buffer storage 35 due to torsions of the hose package 
10 (= Bowden pull effect) . 

Fig. 9 depicts a dynamic wire conveyance by which the weld- 
ing wire 13 is available to the welding torch 10 in a force-free 
manner, i.e. with neither tensile nor compressive forces from 
the wire feeders 36 and 37 acting on the welding wire 13. In 
this case, the filling level of the wire buffer storage 35 is 
preferably kept neutral, i.e. controlled to a mean value ranging 
between the minimum and maximum states, which enables short-term 
fluctuations in wire conveyance to be absorbed by the wire buf- 
fer storage 35. That control allows forward-backward movements 
or different conveying speeds of the welding wire 13, since 
these will be taken up by the wire buffer storage 35. 

To this end, the wire feeder 36 provided in the welding ap- 
paratus 1 is designed as a slave drive and the wire feeder 37 
arranged in the region of the welding torch 10 is designed as a 
master drive. The slave drive pulls the welding wire 13 from the 
feed drum 14 and conducts the same forcelessly on into the hose 
package 23, i.e., into the wire buffer storage 35. The master 
drive performs a controlled movement, i.e., the two wire feeders 
36 and 37 are controlled in a manner that the filling level of 
the wire buffer storage 35 will be kept at a balanced level, or 
they are constantly coordinated, which means that the two wire 
feeders 36, 37 are controlled in terms of their torque or speed. 

Such a dynamically balanced welding wire conveyance enables 
the decoupling of the two wire feeders 36 and 37 and, hence, the 
realization of a true push-pull welding wire conveyance (for- 
ward/backward conveyance), i.e., the upstream wire feeder 36, 
i.e. in this case the master drive, carries out a forward/back- 
ward conveyance of the welding wire 13, thus forming a pulsating 
welding wire movement. Such an application of a push-pull weld- 
ing wire conveyance has now become feasible in practice for the 
first time on account of the specially designed wire buffer 
storage 35, since the welding wire 13 need not be pushed back 
through the entire wire core 30, i.e., the entire hose package 
23, as is known from the prior art, which entails very high 
friction losses and a very high inertia, but the surplus welding 
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wire 13 is pushed into the wire buffer storage 35 immediately 
behind the welding torch 10, thus enabling a very rapid reversal 
of the conveying direction. The clock-pulse period for the push- 
pull drive may, thus, be substantially increased. This also oc- 
curs during a welding wire conveyance at different conveying 
speeds . 

Due to the special arrangement of the wire buffer storage 35 
immediately behind the welding torch 10, no or only slight fric- 
tion losses will occur at a backward movement of the welding 
wire 13 through the wire feeder 37, whereby the reaction behavi- 
or will be substantially enhanced at a reversal of the direction 
of rotation so as to enable very rapid switching with a low-per- 
formance wire feeder 37. 

From the welding plant of Fig. 10, an application with a 
wire buffer storage 46 known from the prior art, which is ar- 
ranged within the welding apparatus 1, and the wire buffer stor- 
age 35 according to the invention provided in the hose package 
23 is shown. In this case, the first wire buffer storage 46 is 
formed in a manner that the welding wire 1 runs around the feed 
drum 14 or wire roll in a loop-like manner and is pulled from 
the feed drum 14 by a first wire feeder 47. After this, the 
welding wire 13 is conveyed from the wire buffer storage 4 6 
provided in the welding apparatus 1 by a further wire feeder 36 
arranged in the welding apparatus 1 into the hose package 23 
and, hence, into the longitudinally designed wire buffer storage 
35, from where it is supplied to the welding torch 10 via the 
wire feeder 37 arranged in the region of the welding torch 10. 

By this construction, it is achieved that the welding wire 
13 is forcelessly conveyed into the hose package 23. In doing 
so, the slack of the wire roller or feed drum 14 during the 
pulling-off of the welding wire 13 from the same does not affect 
the wire feeder 36 for introducing the welding wire 13 into the 
hose package 23. In this case, the third wire feeder 47 may also 
be omitted by the welding wire 13 being directly conveyed into 
the hose package 23 by the wire feeder 36. 

Another exemplary application is illustrated in Fig. 11, in 
which several hose packages 23 are coupled to one another with a 
wire feeder 47 being, for instance, interposed. In this case, it 
is feasible to arrange the wire buffer storage 35 according to 
the invention in only one of the hose packages 23, namely that 
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arranged closest to the welding torch 10, 

It goes without saying that the wire buffer storage 35 may 
not only be comprised of a wire guide hose 38 as described 
above. Thus, it is, for instance, possible to replace the wire 
guide hose 38 with a channel 48 of any desired cross-sectional 
shape such as, for instance, a rectangular, triangular, oval 
shape etc., extending, for instance, in a helix-like manner. 
Such an example is apparent from Fig. 12. The channel 4 8 may be 
arranged independently of the hose package 23 or even within the 
hose package 23. It is also feasible to use several channels 48 
or wire guide hoses 38 so as to provide a multi-wire welding 
plant . 

It is also feasible to make such a wire buffer storage 35 
without any wire core 30, or design the wire core 30 in a manner 
to provide an appropriate free space of movement to the welding 
wire 13 within the same, which means that the bore for the weld- 
ing wire 13 is by 1.5 times larger than the outer diameter 33 of 
the welding wire 13. However, such a construction involves the 
disadvantage that the monitoring of the filling level of the 
wire buffer storage is extremely difficult to realize. 

Figs. 13 and 14 depict a special exemplary embodiment for 
the detection of the longitudinal movement of the wire core 30 
in a partially sectioned view, with only the most essential ele- 
ments having been illustrated for the sake of clarity. In these 
embodiments, the means for detecting the longitudinal movement 
of the wire core 35 is comprised of a sensor 51 which performs a 
contactless measurement of the longitudinal movement of the wire 
core 30. 

Fig. 13 is a diagrammatic illustration of the sensor 51 with 
its associated wire feeder 37 and inserted wire core 30 that 
ends within the sensor 51, while the wire core 30 of Fig. 14 ex- 
tends through the sensor 51. 

The sensor 51 comprises a housing 52, with the wire core 30 
extending directly into the housing 52 and an evaluation element 
53 being arranged within the housing 52. The structural size of 
the sensor 51 is such that the sensor 51 can be arranged within 
the welding torch 10 or within the hose package 23, the sensor 
51 being preferably arranged within the welding torch 10 and, in 
particular, torch handle. 

Furthermore, an indicator 54 is arranged on the wire core 30 



in a manner rigidly connected with the wire core 30 in this em- 
bodiment. The indicator 54 is, for instance, made of a ferromag- 
netic material and constitutes the termination of the wire core 
30, the wire core 30 ending in the sensor 51 with the terminat- 
ing indicator 54. In order to enable the contactless detection 
of the longitudinal movement of the wire core 30, the evaluation 
element 53 is preferably comprised of at least one electric coil 
55. With the sensor 51 designed in this manner, the measurement 
of the position, i.e. the longitudinal displacement of the wire 
core 30, is effected through an induction change within the coil 
55, i.e., by the inductance changing within the coils 55 due to 
the displacement of the indicator 54, so as to enable the de- 
termination or calculation of the position by an in-circuit 
evaluation unit or control device 4. 

The sensor 51 further comprises a runout pipe 56 for the 
welding wire 13, whose opening has a diameter that is only neg- 
ligibly larger than the diameter of the welding wire 13. It is 
thereby ensured that the wire core 30 cannot emerge through the 
runout pipe 56. In a preferred manner, the runout pipe 56 is 
connected with the housing 52 via a thread so as to be readily 
and rapidly exchangeable, thus enabling the adaptation of the 
runout pipe 56 to the respective diameter of the welding wire 13 
employed. 

The longitudinal movement of the wire core 30 is detected by 
the sensor 51, based on the measuring principle of an induction 
change of the coil 55. That measuring principle has already been 
known from the prior art and need not be discussed in detail. 
The sensor 51 may, of course, operate according to any other 
measuring principle, being, for instance, comprised of a capa- 
citive or optical sensor. The sensor 51 may, of course, be used 
for any other purposes which require the detection of a longit- 
udinal movement of the wire core 30. 

The sensor 51 is connected with an evaluation unit or con- 
trol device 4 of the welding apparatus 1 via lines (not illus- 
trated) in a manner that the evaluation unit or control device 4 
will detect or calculate the filling level of the wire buffer 
storage 35 as a function of the position of the wire core 30 or 
indicator 54, respectively, within the housing 52. 

Fig. 14 depicts another exemplary embodiment for the config- 
uration of the sensor 51. As in contrast to the previously de- 



scribed exemplary embodiment, the wire core 30 in this case is 
conducted through the housing 52 of the sensor 51. The indicator 
54 is again fastened to the wire core 30 and is positioned so as 
to be located within the housing 52, This configuration offers 
the advantage that the sensor 51 need no longer be arranged only 
on the end of the wire core 30, but may be positioned at any de- 
sired point within the wire conveying system. The use of the 
sensor 51 is, thus, feasible with any wire buffer storage 35 
known from the prior art. 

By using a sensor 51 of this type, it has now become feas- 
ible that the wire feeders 36, 37 are activated by the control 
device 4 of the welding apparatus 1 as a function of the filling 
level with a view to controlling the filling level of the wire 
buffer storage 35. 

Figs. 15 and 16 depict a further exemplary embodiment of the 
structure of a wire buffer storage 35, in which the wire buffer 
storage 35 is arranged outside the hose package 23. In this 
case, the wire guide hose 38 is laid around the hose package 23 
as already schematically illustrated in Fig. 4, the hose package 
23 having been omitted for the sake of clarity. 

This exemplary embodiment is to elucidate the easy exchange- 
ability of the wire buffer storage 35 without requiring any spe- 
cial retrofitting or adaptation work from the user. 

To this end, a terminal element and, in particular, a quick- 
lock 49, 50 is arranged on either end of the wire guide hose 38 
to enable the connection of the latter with a central connection 
(not illustrated) . The central connection may be configured in 
accordance with the application WO 02/090034 Al, so that the 
structure of the central connection need not be discussed in any 
more detail. The quick-lock 49, 50 is, for instance, designed as 
a bayonet catch with the wire guide hose 38 being, for instance, 
clamped onto the same in a simple manner. 

The wire guide hose 38 with the connected quick-locks 49, 50 
is designed in a manner that the inserted wire core 30 (not il- 
lustrated) for the welding wire 13 terminates within that unit 
comprised of a wire guide hose 38 and a quick-lock 4 9, 50. This 
enables the wire buffer storage 35 to be made of a structural 
unit comprised of wire guide hose 38 with the attached quick- 
locks 49, 50 and the wire core 30, which unit can be mounted or 
exchanged in a single operating step by simply connecting the 



quick-lock 49, 50 with the central connection and subsequently 
winding the same around the hose package 23. 

The quick-lock 4 9 on the side of the welding torch 10 is de- 
signed in a manner that a guide element 57 projects through the 
central connection, said guide element 57 terminating directly 
in the sensor 51 so as to enable the use of the sensor 51 ac- 
cording to Fig. 13. As in contrast to Fig. 13, the sensor 51 in 
this case, however, not only receives the wire core 30, but is 
designed to be able to receive the guide element 57 of the 
quick-lock 49. The function for measuring the position of the 
wire core 30 according to Fig. 13 is, however, maintained be- 
cause of the wire core 30 being arranged within the guide ele- 
ment 57 together with the indicator 54, and a change in the 
induction of the coil 55 will, hence, take place again. The 
guide element 57 is preferably made of a nonmagnetic material 
such as, for instance, brass. 

At the further quick-lock 50, which is applied in the region 
of the welding apparatus 1 or the external wire feeding means 
11, another guide element is arranged, however, whose function 
now is to fasten the wire core 30 to the quick lock 50, the il- 
lustration of its structure having been omitted. To this end, a 
clamping connection is realized or inserted in a simple manner 
by fixing the wire core 30 within the guide element by turning 
on a male nut. In doing so, the wire core 30 is able to project 
out of the guide element such that the wire core 30 will reach 
into the welding apparatus 1 or external wire feeding means 11 
upon fastening of the quick-lock. 

It is, thus, advantageous that, by providing said single 
unit comprised of the wire guide hose 38, the quick-locks 49, 50 
and the wire core 30 with the indicator 54, a very rapid mount- 
ing and exchange of said unit is feasible without requiring ad- 
ditional operating steps, by simply connecting the quick-locks 
with the central unit. In order to ensure the wire guide hose 38 
to be helically or spirally laid by the user, a predef ormation 
of the wire guide hose 38 is effected at the manufacture and 
supply of said unit, which means that the wire guide hose 38 
already has its helix-shaped or spiral-shaped form before being 
mounted to the hose package 23 such that the user will only need 
to wind the wire guide hose 38 around the hose package 23 ac- 
cording to the pregiven windings of the same. It is, thus, feas- 
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ible to readily exchange the wire buffer storage 35 without any 
tool or auxiliary means. 

It is, furthermore, feasible with longer hose packages 23 
that the wire guide hose 38 need not extend over the whole re- 
gion by its larger cross section but that only a subportion of 
the wire guide hose 38 has such a large cross section 39 accord- 
ing to the required buffer volume, with the remaining course be- 
ing designed according to the prior art. 



